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TNF-αThe activities of dectin-1 and mannose receptors on phagocytosis of Candida albicans and the production of
TNF-α by macrophages frommice pretreated for 3 days with extract of Artocarpus intergrifolia seeds (jack ex-
tract), Artin M or jacalin were studied. Macrophages from these mice were coincubated with C. albicans CR15
(yeast), in the presence of mannose (50 mM) plus mannan (100 μg) or laminarin (1 mg). Phagocytosis was
signiﬁcantly enhanced to 52% in macrophages from mice pretreated intraperitoneally for 3 days with jack ex-
tract (500 μg/250 μl PBS). Reduction in phagocytosis from 52% to 34% (Pb0.05) occurred in the presence of
mannose receptor inhibitors and from 52% to 16% (Pb0.01) in the presence of dectin-1 inhibitor laminarin,
whereas only 20% of control macrophages phagocytosed blastoconidia. Similar results were veriﬁed for pre-
treatment of mice with Artin M (2.5 μg/250 μl PBS), but not for jacalin (25 μg/250 μl PBS). Macrophages from
mice pretreated 3 days previously with jack extract or Artin M and then coincubated for 2 h with C. albicans
presented a signiﬁcant increase in TNF-α production, correlating with signiﬁcantly less transition of yeast to
ﬁlamentous forms compared to pretreatment with jacalin. These results suggest that Artin M, but not jacalin
present in jack extract signiﬁcantly increased TNF-α production and the activity of mannose and dectin-1
receptors.
© 2011 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Nosocomial candidiasis is a major concern in tertiary care hospi-
tals worldwide. This infection generally occurs among immunocom-
promised patients and those hospitalized with serious underlying
diseases, besides being considered the fourth most frequent cause of
bloodstream infections [1,2]. Amphotericin B and azoles are mainly
used in clinical conditions; however, the cytotoxicity of these drugs
and the resistance of the fungus constitute an important problem.
Therefore, treatment with cytokines that present immunoregulatory
activity has been studied, particularly those that promote the activa-
tion of neutrophils and macrophages. Studies involving experimental
animal models have shown that Th1 cells play an important role in
regulating the immune response to Candida albicans infection by se-
creting cytokines that modulate the activity of immune effector cellscias Patológicas, Universidade
Brazil. Tel.: +55 43 3371 4267.
evier OA license.[3–6]. Cytokines produced by Th1 cells activate phagocytes to the fun-
gicidal state, whereas those produced by Th2 cells exacerbate the dis-
ease, because they deactivate fungicidal effector cells [7–9].
Immune sensing of C. albicans requires cooperative recognition of
mannans and glucans by lectins and Toll-like receptors (TLR), with
subsequent induction of pro or antiinﬂammatory cytokine release
[10]. TLR2 deﬁcient mice experimentally infected in vivo showed a
signiﬁcantly reduced survival rate and presented impaired produc-
tion of TNF-α and IFN-γ [11]. In a previous work, our group demon-
strated that increased expression and activity of mannose receptors
by pretreatment with concanavalin-A favored TNF-α production
and a higher capacity to kill C. albicans [12].
Artin M and jacalin are structurally related lectins extracted from
Artocarpus integrifolia seeds that present distinct sugar speciﬁcities
and biological properties. Artin M, previously designated as KM+
[13], induced IL-12p40 and IFN-γ production in vivo and stimulated
a protective effect against Leishmania major infection; moreover, it in-
duced neutrophil activation by binding to CXCR2 [14,15]. Our group
previously observed that pretreatment with extract from A. integrifo-
lia reduced the recovery of C. albicans from kidneys, liver and spleen
of infected mice and a signiﬁcant increase occurred in both phagocyt-
ic and candidacidal activities of peritoneal phagocytes [16,17].
Table 1
Transition to ﬁlamentous forms during coincubation of blastoconidia with macrophages.
Conditions Artin M Jacalin
Filamentous (%) 36.7±3.03 96.15±1.37⁎
Phagocytosis (%) 12.5±0.61 23.5±2.54⁎
Peritoneal macrophages from mice pretreated with Artin M (2.5 μg/250 μl PBS) or
jacalin (25 μg)/250 μl PBS 3 days beforehand, were coincubated with blastoconidia
1:2 for 2 h at 37 °C. The data are means±SD for 4 experiments.
⁎ Pb0.05 compared Jacalin versus Artin M.
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jacalin obtained from A. integrifolia seeds, our group demonstrated
for ﬁrst time that Artin M induced both Th1 and Th17 immune re-
sponses, increasing the levels of TNF-α, IL-12, IFN-γ and IL-17 and con-
sequently the phagocytic and candidacidal activities of macrophages
and neutrophils during the course of infection with C. albicans. Jacalin
was unable to induce these processes or protect the mice against infec-
tion [18].
In this report, the effects of the treatment of mice with extract
from A. integrifolia seeds (jack extract), Artin M or jacalin were eval-
uated concerning the phagocytosis process mediated by dectin-1
and mannose receptors, as well as the ability of macrophages to pro-
duce TNF-α in vitro.
2. Materials and methods
2.1. Candida albicans culture
C. albicans strain CR15 was isolated from the oral mucosa of an
HIV-infected individual at the University Hospital and maintained
on Sabouraud dextrose agar; the isolate was used after animal-
passage. The yeast cells were grown in Sabouraud dextrose broth
for 24 h at 28 °C, collected at exponential growth, cytospun, washed
with phosphate-buffered saline (PBS) and resuspended at 2×106 or
107/ml RPMI 1640 (Sigma-Aldrich, ST Louis, Mo, USA).
2.2. Crude extract, Artin M and jacalin from Artocarpus integrifolia seeds
Dried seeds from A. integrifoliawere ground and suspended at 10%
(W/V) in 10 mM PBS, pH7.2, for 24 h at 37 °C. Following centrifuga-
tion, the supernatant fraction (crude extract) contained two lectins
(Artin M and Jacalin). Jacalin was puriﬁed by adsorption in a bed of
D-galactose, while Artin M was puriﬁed from crude extract depleted
of jacalin by submitting to afﬁnity chromatography on a bed of D-
mannose-agarose, as previously described [19]. Artin M preparations
contained less than 0.05 ng/ml of bacterial endotoxins, as determined
by the Limulus amebocyte lysate assay (Sigma-Aldrich, ST Louis, Mo,
USA).
2.3. Treatment and infection of mice
Extract of A. integrifolia seeds (jack extract) containing 500 μg pro-
tein/ml PBS was administered by intraperitoneal route to groups of 4
Swiss mice, each weighing 28–32 g, which received an intraperitone-
al inoculum of 107 C. albicans cells/ml RPMI 1640, 72 h later. For in
vitro phagocytic assays, the mice were pretreated for 6 to 120 h
with jack extract. All experiments were performed in accordance
with the guidelines of the Animal Care Committee of the university.
2.4. Phagocytosis assays
Mice were sacriﬁced and peritoneal exudate cells were immedi-
ately diluted to 4×105 cells/ml in RPMI, containing 5% fetal calf
serum and 10 μg of gentamicin (CM), distributed on coverslips for
1 h at 37 °C in a CO2 incubator [20]. Phagocytes were then coincu-
bated with C. albicans CR15 2×106/ml in CM for 30 min. Opsonization
was performed by adding 2.5% of fresh nonimmune mice serum to C.
albicans before coincubation with phagocytes. A total of 200 phago-
cytes were analyzed for each preparation and the percentage of
phagocytes that phagocytosed Candida was determined by optical
microscopy following staining with May-Grumwald-Giemsa.
2.5. Candidacidal assay
Candidacidal activity of phagocytes was assayed, as previously de-
scribed [20]. Brieﬂy, 4×105 exudate cells were plated (0.2 ml/well)for 1 h at 37 °C and coincubated with 2×106 yeast cells in 0.8 ml of
CM for 30 min at 37 °C. Sterilized double-distilled water (1 ml) was
added to the wells for 10 min to lyse macrophages. Serial 10-fold di-
lutions from each well were made in PBS. Aliquots (100 μl) were plat-
ed on Sabouraud agar and the number of colony forming units (CFU)
was determined 24 h after incubation at 37 °C. The percentage of CFU
reduction (mean±SD) was determined as follows: percentage of CFU
reduction=100−(CFU experimental group/CFU control cultures)×
100. C. albicans incubated with no effector cells were used as controls.
The results represent the average of four independent experiments
and two replicates per mouse.2.6. Receptor analysis
The mice received intraperitoneally jack extract 500 μg/250 μl PBS,
Artin M 2.5 μg/250 μl PBS, jacalin 25 μg/250 μl PBS or PBS 250 μl alone
72 h before phagocytic assays. The mice were euthanized with ether
and peritoneal exudates cells were obtained by washing the peritone-
al cavity with 2 ml of RPMI medium (Sigma-Aldrich, St Louis, MO,
USA). To study dectin-1 receptor activity, peritoneal activated macro-
phages were preincubated with laminarin (Sigma-Aldrich, St Louis,
MO, USA) 1 mg/ml for 30 min [21]. To study mannose receptors, mac-
rophages were preincubated with 50 mM of mannose plus 100 μg of
mannan (Sigma-Aldrich, St Louis, MO, USA) [22]. Fresh inhibitors
were maintained in the medium and C. albicans in a proportion of
5:1 were coincubated with macrophages for 30 min at 37 °C. A total
of 200 phagocytes were analyzed for each preparation and the per-
centage of phagocytes that phagocytosed Candida was determined
by photomicroscopy following staining the cells with May-Grumwald-
Giemsa.2.7. Quantiﬁcation of viable C. albicans in peritoneal exudates and organs
Liver, spleen, and kidneys of infected mice were each homoge-
nized in 10, 5 and 5 ml of PBS respectively. Samples (100 μl) were se-
rially diluted in PBS and plated on Sabouraud dextrose agar plates and
the number of colony forming units (CFU) was counted after 24 h of
incubation at 37 °C.2.8. TNF-α assays
Supernatants from peritoneal exudates cells and from homoge-
nized organs were collected by centrifugation of samples from each
mouse and submitted to capture enzyme-linked immunosorbent
assay (ELISA) using puriﬁed anti-mouse TNF-α (IF3F3D4) from
eBioscience (San Diego, California, USA). The cytokine concentration
was determined with reference to a standard curve for serial two-
fold dilutions of mouse recombinant TNF-α. Supernatants from peri-
toneal macrophages exposed to puriﬁed Artin M or jacalin for 48 h
and infected with C. albicans were also submitted to ELISA assays to
determine the TNF-α levels.
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Statistical differences were determined using the Student t test,
comparing treated to control groups, except for Table 1. A P*
valueb0.05 was considered statistically signiﬁcant.3. Results
3.1. Inﬂuence of jack extract on phagocytic and candidacidal activities by
peritoneal macrophages
The effect of jack extract on activation of peritoneal macrophages
was analyzed from 6 to 120 h following its administration. The
phagocytic activity was signiﬁcantly increased from 48 to 96 h postin-
jection in the jack extract group (Fig. 1A). These macrophages were
more capable of killing C. albicans than control macrophages, as veri-
ﬁed by a signiﬁcant decline in fungal burden (Fig. 1B).3.2. Evaluation of the activities of mannose and dectin-1 receptors and
TNF-α production inﬂuenced by jack extract
Only 20% of control macrophages phagocytosed C. albicans,
whereas 52% of macrophages collected following treatment with
jack extract were able to ingest C. albicans (Fig. 2A). Addition of man-
nan plus mannose to the assays reduced the phagocytosis from 52% to
34% (Pb0.05). In the presence of dectin-1 inhibitor (laminarin),
phagocytosis was reduced from 52% to 16% (Pb0.001).
Fig. 2B shows a signiﬁcantly greater production of TNF-α after
phagocytosis of C. albicans by activated macrophages compared to
control and this increase was inhibited in the presence of laminarin
(Fig. 2C).Fig. 1. Effect of time in pretreatment with jack extract on phagocytosis and candidaci-
dal activities. (A) Percentage of phagocytosing macrophages: pretreated with jack ex-
tract (open triangle) and control (closed square). (B) Percentage of C. albicans killed
by phagocytes from mice treated with jack extract (open triangle) and PBS (closed
square). *Pb0.05 compared to control group (PBS).
Fig. 2. Dectin-1, mannose receptors and TNF-α induction by jack extract. Macrophages
from mice pretreated with jack extract for 3 days were preincubated with inhibitors of
dectin-1 and mannose receptors for 30 min and then coincubated with C. albicans for
30 min (A). The percentage of phagocytosing macrophages was evaluated by counting
200 macrophages per experiment. TNF-α was evaluated in supernatants, in the ab-
sence (B) or presence of laminarin (C). Control (closed) and jack extract (open).
* Pb0.05 and **Pb0.01 compared to control.3.3. In vivo effect of jack extract on TNF-α production and in the clear-
ance of C. albicans
Mice were infected with 107 C. albicans following analysis of fun-
gal burden and TNF-α release after 0.5 and 2 h. After 2 h of C. albicans
infection, mice pretreated with jack extract for 3 days showed signif-
icantly higher levels of TNF-α produced by peritoneal and liver cells
(Fig. 3A and C, respectively). Samples of peritoneal exudate and ho-
mogenized liver were plated in Sabouraud dextrose agar and this pro-
cedure showed that CFU were signiﬁcantly reduced in exudate and in
the liver compared with controls, correlating with the increase in
TNF-α levels (Fig. 3B). Kidneys and spleen were also homogenized
and a reduction in CFU was veriﬁed in these organs (data not shown).
Fig. 3. In vivo effect of jack extract on TNF-α production and the clearance of C. albicans. Mice were pretreated with PBS (closed bars) or jack extract (open bars) 3 days before in-
oculation i.p. with 107 C. albicans. A. TNF-α production in supernatants from peritoneal exudate cells (A) and liver (C). CFU (log) from peritoneal cavity (B) and infected liver (D).
The data reported are from 4 experiments. *Pb0.05 for jack extract vs. PBS group.
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by mannose and dectin-1 receptors and correlation with dimorphism of
C. albicans
Since extract of A. integrifolia contains two lectins with different
biological properties, their effects on the activities of mannose and
dectin-1 receptors were investigated. Thus, the mice received Artin
M or jacalin for 3 days and in vitro phagocytic assays were performed
in the presence of inhibitors. This study revealed that macrophages
from mice pretreated with Artin M presented a signiﬁcant increase
in phagocytosis of yeast cells (Fig. 4) and the presence of the inhibi-
tors reduced the phagocytic activity of macrophages from Artin M-
pretreated mice by more than 75%, showing the participation ofFig. 4. Dectin-1 and mannose receptors activities induced by Artin M and jacalin. Mac-
rophages (4×105) from mice pretreated by intraperitoneal route for 3 days with Artin
M (2.5 μg/250 μl PBS) or jacalin (25 μg/250 μl PBS) were adhered to glass coverslips for
1 h. After washing non-adherent cells, the macrophages were preincubated with man-
nan (100 μg/mlRPMI) or laminarin (100 μg/ml RPMI) or both inhibitors for 30 min and
then coincubated with C. albicans (1:2) in the presence of inhibitors for 30 min. The
percentage of macrophages phagocytosing was evaluated by counting 200 macro-
phages per experiment. The data are reported from 4 experiments. *Pb0.05 for inhib-
itors vs. control.both mannose and dectin-1 receptors in this phenomenon. Jacalin-
pretreated cells showed a low rate of phagocytosis and a non-
signiﬁcant reduction in the phagocytic index was veriﬁed in the pres-
ence of the inhibitors after 0.5 h of incubation. Furthermore, after 2 h
of coincubation, a low transition from yeast to ﬁlamentous forms was
observed in the Artin M group compared with jacalin treatment
(Table 1). To more clearly understand this result, photomicrographs
were taken at 0.5 and 2 h of coincubation and can be observed in
Fig. 5. Phagocytic assays were performed with the low rate of 2:1 blas-
toconidium/macrophage, preventing the formation of mycelia, such
that it was possible to observe that pretreatment with Artin M favored
a complete ingestion of the yeast cells (Fig. 5A and B), whereas macro-
phages from mice pretreated with jacalin ingested fewer blastoconidia
(Fig. 6A). Unexpectedly, jacalin-activated-macrophages were able to
recognize and ingest pseudohyphae and hyphae after 2 h of coincuba-
tion (Fig. 5D).
3.5. Inﬂuence of Artin M and jacalin on TNF-α production by
macrophages
Peritoneal macrophages were exposed to various concentrations
of Artin M for 48 h at 37 °C and a direct correlation was observed be-
tween the dose of Artin M and TNF-α production by these cells
(Fig. 6A). In contrast, macrophages incubated with jacalin at different
concentrations did not produce TNF-α. To verify the role of mannose
and dectin-1 receptors in regulating TNF-α production, the inhibitors
mannan and laminarin were added during phagocytic assays and an-
alyses of the resulting supernatants showed a signiﬁcant reduction in
this cytokine (Fig. 6B).
4. Discussion
In a previous work, our group veriﬁed differential properties of
Artin M and jacalin present in an extract of A. integrifolia; jacalin
treatment was unable to induce protective immune response and
Fig. 5. Inﬂuence of treatment with jacalin or Artin M on phagocytosis and dimorphism of C. albicans. Microphotographs of macrophages collected frommice pretreated with Artin M
(2.5 μg/ml PBS) or jacalin (25 μg/ml PBS) and coincubated with C. albicans for 30 min and 2 h. (A) Artin M 0.5 h; (B) Artin M 2 h; (C) Jacalin 0.5 h and (D) jacalin 2 h.
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was able to induce Th1 and Th17 protective immune responses, by it-
self or associated with jacalin [18]. Our group has demonstrated high
levels of IFN-γ and IL-17 6 h postinfection in these mice and that
Artin M but not jacalin induced TNF-α and IL-12 production by mac-
rophages in vitro. TNF-α is particularly important in host defenseFig. 6. Curve response for TNF-α production by macrophages exposed to Artin M or
jacalin. Peritoneal macrophages (106) were exposed to Artin M (1 to 5 μg/ml RPMI me-
dium) or jacalin (30 to 120 μg/ml RPMI medium) in vitro for 48 h at 37 °C. (A) TNF-α
production in supernatants was evaluated by ELISA after 30 min incubation with C.
albicans. The data reported are from 4 experiments. *Pb0.05 for Artin M vs. control
group. (B) TNF-α production in the presence of inhibitors laminarin and mannan.
**Pb0.01 for Artin M vs. control group. *Pb0.05 for Artin M vs. inhibitors.against disseminated candidiasis, since neutralization of endogenous
TNF-α by either anti-TNF-α antibodies or pharmacological agents
dramatically worsen the course of experimental disease [23,24].
In this study, the effects of the treatment of mice with extract from
A. integrifolia seeds (jack extract) were evaluated and our ﬁndings
showed that the increase in phagocytic activity is time dependent,
reaching higher values between 48 and 72 h (Fig. 1). Using speciﬁc in-
hibitors (mannan or laminarin), it was possible to demonstrate that
mannose and dectin-1 receptors are essential for recognizing C. albicans
cell wall components, such as mannan and glucan. Moreover, a signiﬁ-
cantly greater production of TNF-αwas veriﬁed following phagocytosis
of C. albicans by jack extract-activated macrophages (Fig. 2B), which
was inhibited in the presence of laminarin (Fig. 2C). This ﬁnding sug-
gests that internalization of Candida is necessary to trigger signaling
via dectin-1 receptors, although other receptors such as mannose,
Toll-like 2 and Toll-like 4 could participate in the increase in TNF-α
levels [10–12].
Given that pretreatment with jack extract enhanced the produc-
tion of TNF-α in vitro, a possible increase in this cytokine and a reduc-
tion in fungal burden during the initial phase of infection were
investigated. Peritoneal and liver exudates showed a signiﬁcant in-
crease in TNF-α levels when submitted to 3 days pretreatment fol-
lowing 2 h of infection with C. albicans (Fig. 4). These samples were
also plated on Sabouraud dextrose agar and the procedure showed
a signiﬁcant reduction in CFU, establishing a correlation with the pro-
duction of TNF-α. Our group demonstrated a direct correlation be-
tween increased TNF-α production and reduced fungal burden in
macrophages from mice pretreated with concanavalin-A [12]; more-
over, double knockout mice for TNF-α and lymphotoxin-α showed
increased susceptibility to disseminated candidiasis [25], correlating
with our results.
As a polymorphic organism, C. albicans can grow as a spherical
yeast form or germinate and produce ﬁlaments, which may appear
as pseudohyphae or hyphae [26,27]. The immune sensing of yeast
or hyphae by Toll-like receptors or lectins receptors [9,10,12,27] are
determinants in signaling pathways for pro or antiinﬂammatory cyto-
kine production, resulting in the killing of C. albicans or an escape
mechanism.
To investigate the role of each lectin present in jack extract in con-
tainment of dimorphism, pretreatment of mice with Artin M or jaca-
lin for 72 h was performed. The results of this study demonstrate that
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nation from yeast to hyphae by macrophages coincubated with blas-
toconidia for 2 h (Table 1). Although macrophages from mice
pretreated with jacalin showed characteristics of activated macro-
phages such as large cells, they did not engulf C. albicans blastoconi-
dia; however, following transition to pseudohyphae or hyphae, the
microorganism was phagocytosed (Fig. 5). Thus, almost all the C. albi-
cans cells (95%) were ﬁlamentous after 2 h of coincubation (Table 1).
In addition, macrophages exposed to jacalin for 48 h and coincubated
with Candida for 30 min were unable to produce TNF-α (Fig. 6A).
Under these conditions, the lower phagocytic activity of receptors
that recognize blastoconidia could be counteracting host defense by
impairing TNF-α production, thus favoring the process of phenotypic
switching, which is considered an important virulence factor. In addi-
tion, a direct correlation was veriﬁed between the dose of Artin M and
TNF-α production by macrophages (Fig. 6A) and participation of
mannose and dectin-1 receptors in the production of this cytokine
(Fig. 6B). Previously, our group observed that containment of dimor-
phism was correlated with an increase in TNF-α levels, as described
for concanavalin-A-activated macrophages in phagocytic assays [12].
TNF-α is a cytokine produced by macrophages that increases respira-
tory burst and antifungal activities [4,10,12,24,25,28].
In summary, Artin M but not jacalin was able to increase phagocy-
tosis of C. albicans via mannose and dectin-1 receptors, while induc-
ing signiﬁcantly greater TNF-α production, which appears to be
responsible for the faster clearance of the pathogen in the initial
phase of infection and could corroborate with the protection of mice
against disseminated candidiasis.
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